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GENERAL DYNAMICS
BEEC | RIC BOAT BENERSSS

w“\““ A

S

Advanced project modeling capabilities are being leveraged by General
Dynamics Electric Boat (GDEB) for the scheduling of various aspects of
submarine construction. GDEB benefits from project modeling and
execution capabilities not available in other project management software.

e

* The result is a dynamic schedule that moedels,real-world project constraints
™ and adapts to real-time production variability, as well as the injection of
= unexpected new-work.




SUBMARINE MAINTENANCE

he US Navy used
enhanced project
modeling capabillities to
schedule submarine
maintenance
operations at the

Naval Submarine
Support Facility (NSSF)
in New London,
@ennecticut.
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EESSONDS & RESULETS

Project models require more real-world constraints

- Significant productivity lost due to inferior model detalls

Learn from the human schedulers
Model to level of detall required

Reveal & explain the schedule

Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency



EROIEC T MODEL NEEDS .
Bt REALISTIE

» Inability to model many real-world situations causes model to
update Inaccurately during execution



EAEC U | |ION EXCELLENGS

Model to the level of detall needed

Generated Global Priorities based on model & current
situation

Humans make final decisions on what to work based on
olobal priorities & other real-world factors, then update

model with status



EESSONDS & RESULETS

Project models require more real-world constraints

- Significant productivity lost due to inferior model detalls

Learn from the human schedulers

Model to level of detall required

Reveal & explain the schedule

Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency



LEARN FROM HUMAN
U HELIUL ERS

» Different scheduling applications generally require some
different modeling capabllities, but many overlap

» Human experts help drive the best decision per what non-
standard modeling capabllities are most apropos

« When decisions / tradeoffs need to be made, use the
SXBEise of expert schedulers

» 50 that the scheduling system reacts as a human expert
wants It to

 E.g, when to work overtime, when to outsource



EESSONDS & RESULETS

Project models require more real-world constraints

» Significant productivity lost due to inferior model detaills
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Learn from the human schedulers

Model to level of detall required

Reveal & explain the schedule
Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency



MODEL TO LEVEL OF DETAIE REQUIRED

echnical constraints (E.g., F-5, F-F, 5-F, lags)
Resources

— Labor: Occupation, skills, certifications

— Equipment, Tools (e.g., cranes)

Usage constraints — e.g,, tool can only be used.for.so many
hours continuously &/or during a day. Pinish-Finish

Spatial / physical space — e.g, Start-Finish
— Job requires a certain location or type af space™
— two elements should (or should not) be next to each other

Fquipment substitutions — equipment down, |<novv & use
substrtutes

Start Driver

X



HIERARCHY OF
RESOURCES

Resources

L LABOR

—> Occupation: e.g., Welding

—> Skills/Certifications

Submerged Flux Cored Gas Tungsten Arc Gas Metal Arc
Arc Welding Arc Welding Welding Welding
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(Canadiar_m Fabricating & Venus Wires, 2018) Gas T'ungsten.Arc (TEK, 2026)
Welding, 2019) Welding 6" Pipe




FOUIPMEN | RESOURGSS

Resources

— LABOR

— EQUIPMENT/TOOLS

CNC millin : :
machine g Cement mixer



EOQOUIPMENT SUBS TH U TICHINSS

* Equipment down, know & use substitutes




EOUIPMEN | USAGE
CONSTRAINTS

E.g., tool can only be used for so many hours
continuously &/or during a day.




CONCURRENT &
NON-CONCURRENT




AL / PHYSICAL SPAG
CONSTRAINTS

BN Reample:
Job requires a certain location or type of space

Two elements should (or should not) be next to each other
Concurrent or non-concurrent constraint




RS CONOMIC CONS | RAINSES
INDIVIDUAL LIMITATIONS
ON WORK CONDITIONS

ERNE oA work so long:
continuously requiring kneeling, and/or




EESSONDS & RESULETS

Project models require more real-world constraints

- Significant productivity lost due to inferior model detalls
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Learn from the human schedulers

Model to level of detall required

Reveal & explain the schedule

Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency



REVEAL AND EXPLAIN THE
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PROJECT NETWORK
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BAN | | CHAR|T COLOR-CODS
PER USER DESIRED CRITERIA

b Gantt Chart | Spatial Plot
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BESOURCE CON T ENFCISS
VISUAL

- Viewing resource contentions

In this sample schedule, each task has a resource
requirement attached as follows

Note that there is a total amount of only 5 resources.
Tasks 2, 4, and 5 are started at the same time (5
resources used). Task 2 completes, but there are not
enough resources left to start Task 6, so Task 6 must
wait until Task 5 is complete.

Aurora shows you this resource-constrained
relationship with a blue-grey line between the two
Tasks.
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NETWORK DIAGRAM SHOWING
SINGLE-ELEMENT VIEW OPTION
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ERFLAIN | HE SCHEDEHSS

Name: Post-Operations for Hyper Servicing
Property Search: [

Properties | Details = Geometry = Duration Info  Schedule Attributes  Schedule Results | CCPM | Analysis = Actuals  Integrations  Flags  Constraints | Requirements

scheduled order

explanation The end date was affected by the maximum Flow time of 7300.,00 days, which set it to 12/27/2033 00:00

The start date was affected by Hyperqol Servicing for Booster Aft Skirt(s), which set it to 01/03/2014 00:00
The end date was affected by Establish Hazardous Control Area for Ordnance Ops, which set it to 12/25/2033 10:49

The start date was affected by Hyperqgol Servicing for Booster Aft Skirt(s), which set it to 01/04/2014 22:00
The start date was affected by ForwardSchedule, restricted by availability of Hazardous Pad-1; waiting for Pre-Ordnance Operations for Orion Pyro Safe and Test Panels, which set it to 01/05/2014
The end date was affected by ForwardSchedule, based on duration and start time, which set it to 01/05/2014 15:00

The start date was affected Dy the flow start tme, which set it to 12)01/2017 00:00

The end date was affected by the maximum flow time of 7300.00 days, which set it to 11/26/2037 00:00

The start date was affected by null--68, which set it to 12/27/2017 11:00

The end date was affected by null--108, which set it to 10/29/2037 12:00

The start date was affected by null--65, which set it to 01/06/2018 11:00

The start date was affected by ForwardSchedule, restricted by availability of LWUA; waiting for null--72, which set it to 01/16/2018 11:00
The end date was affected by ForwardSchedule, based on duration and start time, which setit to 01/17/2018 17:00




EESSONDS & RESULETS

Project models require more real-world constraints

» Significant productivity lost due to inferior model details

.

Learn from the human schedulers
Model to level of detall required

Reveal & explain the schedule

Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency



RO & FAST 1O PERFOINS
SCENARIOS / WHAT-IFS

S llclock minimization to run a scenario critical somuRaem

schedulers will actually run them

+ Provide ways to graphically compare results




WHAT-IF: WORK WEEKEND TO
e BACK ON SCHEDCHSS
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EESSONDS & RESULETS

Project models require more real-world constraints

- Significant productivity lost due to inferior model detalls
Learn from the human schedulers ‘
Model to level of detall required
Reveal & explain the schedule

Fasy & fast to perform scenarios / what-ifs

Results: Reduced project duration & greater transparency




BENERL S OF SOPAIS THCATES
ENDERLY ING SCHEDOESS

e Results In a more realistic inrtial
schedule

e Execution: Schedule is more
flexible and better able to

accommodate change.
* Schedule is “self-aware™ of what
tasks can most easily be moved.

.e., tasks store information about
why 1t was placed (where It Is
placed).

32



SIGNIFICANT PRODUCTIVITY
L OST DUE TO
NON-REALISTIC
PROJECT MODELING

an not execute efficiently.
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